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The physical properties of the pure and metal doped ZnO films are investigated using a low cost dip 
coating technique. The films have grown slowly onto a glass substrate at room temperature. Based on X-
ray pattern parameters are extracted such as grain size, lattice parameters. Optical measurements within 
the UV-Vis band give us the transmittance of films ( 80 %) and optical band gap. Using the Hall Effect 
measurement (HMS) in room temperature, we determine the bulk density of charge carriers, mobility and 
their electrical resistivity. 
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1. INTRODUCTION 
 
ZnO is the multifunctional material which attracted 
many researchers during the last decades. As film, it is 
produced by many processes like spray pyrolysis, sput-
tering, spin and dip coating [1-4]. We find zinc oxide in 
many applications such as ultraviolet light emitters 
and thin film transistors [5-6]. In order to study the 
influence of molarity on the ZnO layer properties, the 
films are prepared by low cost dip coating process. We 
select the zinc molarity within the 0.2-0.5 mol/litre 
range. Furthermore, at kept zinc acetate molarity of 
0.4 mol/litre, the effect of metal doping at various rates 
on ZnO film properties is investigated. 
 
2. PREPARATION OF LAYERS  
 
For the dip-coating route, the substrate is pulled 
vertically from the coating bath at a constant speed V 
as sketched in Fig. 1. The entrained liquid by the mov-
ing substrate splits into two at the free surface (point 
S) in a viscous boundary layer, returning the outer 
layer to the bath. When the mounting moving flux is 
balanced above the stagnation point S due to evapora-
tion of the solvents, a continuing and position-stable 
film is formed with respect to the coating bath surface. 
Inside the drying process, the colloids are gradually 
concentrated by evaporation, leading to aggregation, 
gelation, and final drying to synthesize a type of a dry 
gel or xerogel film. If the substrates’ speed (V) and 
liquid viscosity () are lower, e.g. in the case of the sol–
gel coating, the thickness (it) of the wet film is then 
expressed as [7]: 
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where s is the liquid-vapour surface tension,  is the 
liquid density and g is the acceleration of gravity. For a 
fixed volume of 20 ml of ethanol and different zinc ace-
tate masses mentioned between brackets, the following 
molarities are obtained 0.2 (0.87 g), 0.3 (1.32 g), 0.4 
(1.76 g) and 0.5 (2.19 g). After a stirring at 80 °C, the 
prepared solutions are clear and homogenous and seem 
to oil which reveals a viscous bath. As soon as the bath 
is ready, the glass substrates are slowly dipped into the 
solution during 1 min and then removed and dried at 
120 °C on the hotplate. The process of dip is repeated 
10 times and an annealing procedure of samples is then 
achieved at 400 °C for 5 hours. For doping the SnCl2, 
2H2O, Fe2Cl3, 6 H2O, Al3NO3, 9H2O and anhydrous Cu 
acetate precursors are used. 
 
3. RESULTS AND DISCUSSIONS 
 
The samples prepared by dip coating process are 
classified in three sets. The first one is composed of 
pure zinc oxide layers at different zinc amounts (0.2-
0.5 mol/l) while the second set is formed by 2-20 % Sn 
doped ZnO layers. 2-3 % Fe, 12 % Al and 10 % Cu 
doped ZnO form the third set.  
 
3.1 Structural Parameters 
 
Figure 2 shows the XRD peaks of the dip coated ZnO 
at several zinc amounts in the starting solution Fig. 2I, 
Sn, Al and Cu-doped ZnO layers Fig. 2II, Fig. 2III re-
spectively. As gathered in Table 1, the main orientations 
exhibited by ZnO layers (1st set) are (002) and (101) 
which are located within 34.4°-34.5° and 34.5°-35.7° 
angle ranges respectively, according to JCPDS: 36-1451 
card, (002) plane is peaked at 34.42°. The d-space (Å) 
varies from 2.47 to 2.60 nm. A slight angle shift is rec-
orded from 0.4 10 – 3 to 0.1 rad as a result of Zn amount. 
Based on structural data extracted from X-ray pattern 
the grain size (nm) is assessed within the 14.9-
23.8 range according to the (002) direction. Using X-ray 
pattern, the average lattice parameters a and c are de-
termined and found to be 3.2 and 5.18 Å. Doped with tin 
at several concentration, ZnO layers show a slight shift 
to higher Bragg angle for (002) orientation (as indicated 
by arrow in Fig. 2) whereas the (101) is shifted towards 
high 2 angle, this displacement of peaks is due to cation 
insertion in host lattice. 
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Fig. 1 – Schematic diagram of the dip coating techniques 
 
A (002)-oriented wurtzite hexagonal structure with 
a lattice parameters of 3.3 Å and 5.2 Å was confirmed 
by X-ray diffraction. The As-grown layers produced by 
dip coating route onto glass exhibit a (002) preferential 
orientation as indicated by arrow in Fig. 2 (I, II and 
III). The intensity of the (002) peak is improved by high 
molarity and doping level in particular Al cation. Based 
on Scherrer formula prior cited [8] the grain size is 
determined. 
The grain size according to (002) orientation varies 
within 14-28 nm as a result of Zn amount in the solution 
as tabulated below (Table 1). When ZnO films are doped, 
it increases till 59 nm as listed in Tables 1 and 2. Fur-
thermore, the X-ray pattern reveals a plane shift  
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Fig. 2 – XRD spectra for different molarities (I), 2 (a), 3 
(b), 5 (c), 10 (d), 15 (e) and 20 (f) % Sn-doped (II), Al (a) and 
copper (b) -doped(III) ZnO films in the 20°-80° (2) range 
 
towards the high 2 Bragg angle as listed in Tables 
1-3. A strong orientation of c-axis (002) perpendicular 
to the substrate is reported by Lee for indium ZnO thin 
films [9]. The films show a polycrystalline structure 
with important (002) direction. Indeed, this reflection 
peaked at around 34.45°, identifies the wurtzite struc-
ture of our as-grown ZnO and MZO layers. An increase 
in Zn amount and a metallic cation doping change the 
peak location from 34.4° to 36.27° and 36.67° respec-
tively as listed in Tables 1-3. The lattice parameters a 
and c are also influenced by the Zn amount and metal-
lic (Sn, Al and Cu) cation doping and found to be 
changed around the values of 3.21 Å and 5.18 Å as seen 
in Tables 2 and 3. It is found in literature that a and c 
are of 3.24 Å and 5.20 Å for both pure and doped ZnO 
[10].  
 
3.2 Optical Characterization 
 
The transmittance versus photon wavelength is dis-
played in the Fig. 3. At the middle of visible range of 
550 nm, the obtained values of transmittance are found 
within 88-91 % range for pure layers and 75-90 % 
range for Sn doped ZnO layers. The transmittance 
becomes lower (73-80 %) for the Al and Cu doped ZnO 
films. Both, Al and Fe doping increase the transmit-
tance till 88 % and 83 % for ZnO films as reported pre-
viously [11, 3]. Sn and Al ions decrease a little the opti-
cal property in visible range of the as-synthesized ZnO 
films as mentioned in prior work [12]. The transmit-
tance still roughly constant around a higher value in IR 
band, similar trends is reported by Lehraki et al. [13]. 
The optical gap is determined by the variation of the 
(h)2 versus photon energy h (not shown here). This 
gap goes from 4.35 to 4.42 eV for the pure ZnO films. 
Whereas, it varies within the 4.40-4.45 eV energy range 
for the doped ones. It is mentioned that 3.27 and 
3.26 eV are the obtained values of optical band gaps for 
the pure and Al-doped ZnO [14]. The highest transmit-
tance at a wavelength of 550 nm is obtained for the 
ZnO layers, which have grown at 400 °C ( 84 %) as 
reported in recent work [15]. 
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Fig. 3 – Transmittance vs. photon wavelength of undoped at 
several Zn proportions (I), Sn- (II), Al, Cu (III)-doped ZnO 
produced by dip coating route 
 
It is revealed that our pure ZnO layers exhibit a 
high transparency T  85 %) within the visible range 
and transmittance reaches a high point of 95 % for 
the lowest molarity of 0.2 mol/liter as shown in 
Fig. 3.I. Therefore, the transmittance diminishes as 
molarity increases due to high deposited quantity of 
ZnO at high molarity. Over 60 %, the transmittance 
profile indicates a rough square edge in particular 
for the concentration of 0.2 mol/l as sketched in 
Fig. 3. The 5, 10, 15 and 20 % tin doped ZnO films 
are less transparent compared to pure ones. The 
square edge becomes slight as a result of Sn concen-
tration as shown in Fig.3.II. 
 
3.3 HMS Measured Values 
 
At room temperature, the electrical parameters of 
the samples are measured via Hall effect measurement 
(HMS), using a magnetic field of 0.58 T, as shown in 
Fig. 4 and 5, and are given in Tables 4-5. 
A bulk density of holes (p type) varying from 
3.7  1012 to 13.4  1012 cm – 3 is confirmed by samples of 
pure as-grown ZnO layers when molarity increases from  
 
 
 
 
 
Fig. 4 – Hall measurement apparatus of pure and M (Sn, Al, 
Cu)-doped ZnO grown onto glass substrate; the films are kept 
by four Au probes (red arrow) as signed by yellow arrow (left). 
As shown at right, the scheme of the samples, the four con-
tacts M, N, P, Q, and the magnetic field is applied perpendicu-
larly to the sample [4, 16] 
Table 1 – The structural parameters of pure ZnO films at several molarities 
 
Pure ZnO films 
concentration 
(mol/l) 
(hkl) 
orien-
tation 
2θ 
(Deg.) 
dhkl (Å) 
  
Δ(2θ) 
(10 – 3 rad) 
 
Grains  
size 
D (nm) 
Peak Inten-
sity 
(arb. u.) 
Lattice parameters 
(Å) 
c  a c/a 
0.2 (002) 34.41 2.60 10.14 14.95 54.0 
5.21 3.31 1.5 
0.2 (101) 35.72 2.52 0.43  54.0 
0.3 (002) 34.54 2.59 6.97 21.76 56.10 
5.19 3.29 1.5 
0.3 (101) 35.96 2.49 96.90  44.6 
0.4 (002) 34.53 2.59 6.37 23.80 52.9 
5.19 3.25 1.6 
0.4 (101) 36.27 2.47 0.44  45.8 
0.5 (002) 34.54 2.5943 5.350 28.34 77.4 
5.19 3.25 1.6 
0.5 (101) 36.31 2.4720 33.99  42.4 
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Table 2 – The structural parameters of Sn doped  ZnO films at several doping levels 
 
Sn doped ZnO 
films 
concentration 
(mol/l) 
(hkl) 
orientation 
2θ (Deg.) 
dhkl 
(Å) 
Δ(2θ) 
(10 – 3 rad) 
 
Grains 
size 
D (nm) 
Peak 
Intensity 
(arb.u.) 
Lattice parameters 
(Å) 
c a c/a 
Sn 2 % (002) 34.54 2.59 6.96 21.78 88.0 
5.19 3.25 1.6 
 (101) 36.27 2.47 0.45  43.4 
Sn 3 % (002) 34.54 2.59 4.35 35.12 117.2 
5.19 3.24 1.6 
 (101) 36.36 2.47 6.91  89.8 
Sn 5 % (002) 34.49 2.59 4.10 37.00 82.26 
5.19 3.30 1.5 
 (101) 35.79 2.51 0.97  50.0 
Sn 10 % (002) 34.57 2.59 2.56 59.16 55.20 
5.18 3.26 1.6 
 (101) 36.21 2.48 3.91  42.40 
Sn 15 % (002) 34.49 2.60 3.59 42.28 70.4 
5.19 3.25 1.6 
 (101) 36.28 2.47 0.47  46.0 
Sn 20% (002) 34.58 2.59 3.42 44.38 72.5 
5.18 3.26 1.6 
 (101) 36.19 2.48 2.92  38.5 
 
Table 3 – The structural parameters of M-doped ZnO films at several metal amounts 
 
M-doped ZnO 
Films (M: Al, Cu) 
concentration 
(mol/l) 
(hkl) 
orien-
tation 
2θ (Deg.) 
dhkl  
 (Å) 
Δ (2θ) 
(10 – 3 rad) 
 
Grains size 
D (nm) 
Peak Inten-
sity 
(arb.u.) 
Lattice parameters 
(Å) 
c  a c/a 
Al 12 % (002) 34.43 2.57 4.64 32.70 91.00 5.15 3.43 1.5 
 (101) 35.78 2.51 0.42  45.60 
Cu 10 % (002) 34.69 2.58 17.07 8.89 49.40 5.17 3.21 1.6 
 (101) 36.67 2.45 12.73  46.90 
 
Table 4 – Electrical parameters of pure dip coated ZnO films determined by HMS measurement 
 
Pure ZnO 
mol/l 
type Bulk density 
(1012) cm – 3 
Mobility 
(cm²/Vs) 
Resistivity 
(104 Ω.cm) 
Hall constant RH 
(104 Ω.cm) 
0.2 p 7.36 15.65 5.42 84.76 
0.3 p 5.91 19.23 5.49 105.7 
0.4 p 3.76 29.49 5.63 166.1 
0.5 p 13.41 8.689 5.36 46.55 
 
Table 5 – Electrical parameters of Sn-doped ZnO films determined by HMS measurement 
 
Sn doped ZnO 
(%) 
type Bulk density 
(1012) cm – 3 
Mobility 
(cm²/Vs) 
Resistivity 
(104 Ω.cm) 
Hall constant RH 
(104 Ω.cm) 
2 p 1.70  57.52   6.36 365.8 
3 n – 3.73  0.90 175.1 – 167.4 
5 p 10.73 10.63  5.48 58.19 
10 p 29.67 3.93  5.36  21.04 
15 p 7.05 16.72  5.29 88.56 
20 p 10.81 10.85  5.32  57.74   
 
Table 6 –  Electrical parameters of m( Al, Cu)-doped ZnO films determined by HMS measurement 
 
M doped ZnO 
(%) 
type Bulk density 
(1012) cm – 3 
Mobility 
(cm²/Vs) 
Resistivity 
(104 Ω.cm) 
Hall constant RH 
(104 Ω.cm) 
Al    12 % p 2.59 26.2 9.16 240.6 
Cu   10 % p 19.32 5.73 5.63 32.3 
 
 
 
Fig. 5 – Hall measurement apparatus ecopia HMS-3000 
0.2 to 0.5 mol/litre while resistivity still constant 
around 5.4104 Ω.cm as tabulated below (Table 4). The 
Sn- doped samples exhibit a p-type except 3 %. The 
mobility is higher and equals to 57.5 cm²/Vs for 2 % Sn 
doping level and reveals a resistivity of 6.3104 Ω.cm as 
seen in Table 5. Al doping increases the charge mobility 
while Cu cation decreases it as indicated in Table 6. 
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4. CONCLUSION 
 
The pure and metallic doped films of ZnO are suc-
cessfully produced by dip coating process. The films are 
polycrystalline and crystallize according a wurtzite 
structure with a (002) preferential orientation. The 
average grain size is about lower and increases with 
doping level. The as grown ZnO layers present a high 
transmittance  80 % in visible range and a high resis-
tivity  104 Ω.cm at room temperature.   
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